Background: The endocannabinoid system (ECS) is a very heterogeneous array consisting of many proteins like ligands, enzymes and receptors synthetized in various tissues and immunity cells. The main endogenous ligands are unsaturated fatty acid derivatives like anandamide(AEA), 2-arachidonoylglycerol(2-AG), but many others are under study. Endocannabinoids are involved in both physiological and pathological conditions. ECS plays an important role in the regulation of main processes which lead to cancer and also in sex steroid hormone-related cancers.
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The endocannabinoid system (ECS) is made up of many proteins like ligands, enzymes involved in their synthesis and their degradation, and receptors [1] . The main endogenous ligands are unsaturated fatty acid derivatives like anandamide(AEA), 2-arachidonoylglycerol(2-AG), 2-arachidonoylglycerol ethere, o-arachidonoyl-ethanolamine, and N-arachidonoyl-dopamine (NADA) [2, 3, 4, 5] . These substances are synthetized in various tissues and immunity cells by specific synthetases as [N-acylphosphatidylethanolamine-hydrolyzing phospholipase D (NAPE-PLD) for AEA and its congeners and diacylglycerollipase (DAGL) for 2-AG] [4] . The main enzyme involved in degradation of these substances is fatty acid amine hydrolase (FAAH) which degrades AEA in arachidonic acid and ethanolamine [6] . Therefore NAPE-PLD and FAAH are the main regulators of the concentration of AEA in target tissues and they are responsible of the so-called anandamide tone [7] . The synthesis of endocannabinoids, in particular AEA and 2-AG, is triggered by the increase of intracellular calcium level [8] and their precursors are phospholipids of cellular membrane. As for receptors, there are two g-protein coupled receptors involved in this system of signaling, CB1R and CB2R. CB1R is the main receptor in central nervous [9] system but it is also represented in peripheral tissues such as adrenal gland, ovaries, uterus, testis, prostate [10] and placenta [11] . CB2R is instead less represented in central nervous system, except for extreme stress conditions, whereas it has been found in immune-based tissues [12] such as spleen, tonsils, thymus, bone marrow, B-cells, natural killer cells, monocytes, polymorphic mononuclear cells, neutrophils and T8-and T4-postive cells and in the 1st trimester trophoblast [13] . Recent studies highlighted other cannabinoid putative receptors and in particular three G-protein coupled receptors have been related to ECS. They are GPR55, GPR119 [14, 15] and GPR18 [16] . GPR55 has been identified in human reproductive tract and its ligands are three endocannabinoids, 2-arachidonoylglycerol (2-AG), N-palmitoylethanolamide (PEA) and 2-arachidonolyl lysophosphatidyl-inositol [14] . GPR55 is involved in the development of human squamous skin cancer as its concentration increase in this pathology [17] . Another receptor involved in biological effects of endocannabinoids is a ligand-gated, Ca2+ permeable ion channel, the transient potential vanilloid receptor 1 (TRPV1) [15] that has a ubiquitous distribution [18] . The ligands of this receptor are N-Arachidonoylethanolamide, anandamide (AEA), and N-arachidonoyldopamine (NADA), and therefore they can be included in a class of molecules called endovanilloides [18] . Other potential receptors are the peroxisome proliferator-activated receptors (PPARs) which are activated by endocannabinoids both in physiological and pathological situations [19] . In general, ligands of cannabinoid receptors induce apoptosis inhibiting mitochondrial activity since they increase mitochondrial hydrogen peroxide production and decrease the consumption of oxygen and the mitochondrial membrane potential [39] . Another important effect of ECS is the inhibition of cancer cells invasion. These cells use metalloproteinases (MMP-9 and MMP-2) to degrade major basement membrane components, such as laminin, collagen and nidogens [40] . ECS indirectly downregulates the expression and the activity of MMP-2 through stimulation of TIMP-I that is an inhibitor of the metalloproteinase itself [41] . Endocannabinoids are also thought to be involved in the inhibition of neoangiogenesis decreasing the production of pro-angiogenic factors and/or by directly modulating endothelial cells [42] and decreasing the expression of VEGF and VEGF-R [43,44].
Methods
Main papers and review articles, up to April 2018, on the role of the ECS in cancer, with focus on gynaecological cancers, were acquired by PubMed searches using the search terms: 'cancer', 'cannabinoid', 'endocannabinoid', 'gynaecology' and 'malignancy'. Non-English manuscripts were discarded. Furthermore, reference lists of the obtained articles were scanned to identify additional relevant studies.
Results
The Endocannabinoid system and gynaecologic Cancer Recent literature data showed the involvement of the endocannabinoid system in numerous physiological and pathological processes of the female genital tract [45, 46, 47, 48, 49, 50, 51, 52, 53] It is not surprising that a dysregulation of the ECS might be involved in the development of gynaecological malignancy [54, 55, 56] .
The endocannabinoid System ad Endometrial Cancer
Different studies confirmed the presence of some components of the ECS in the uterus and have assessed their function. AEA has been related to decidualization, implantation and menstruation [57, 58, 53] . CB1R is mostly present in glandular epithelium and its expression increases in secretory phase [51, 52] . CB2R is expressed in glands and stroma [51] , NAPE-PLD is expressed in the early proliferative phase of menstrual cycle [51] and FAAH is mainly expressed in stroma [51] . Regarding ECS, the most important marker as for endometrial carcinoma is CB2R since it is mostly expressed in endometrial cancer biopsies and it results weakly present in normal endometrial tissue [59] . Other studies confirmed also that AEA levels are increased in cancer tissues [59, 60] . CB2R probably plays a key role in the regulation of growth and death of cancer cells [61] and its pathway is altered in endometrial cancer [59] . In this type of cancer there is the elevation of the levels of CB2R and 2-AG probably due to the imbalance of estrogen/progesterone ratio [59] . A recent study on a cellular line of endometrial cancer (AN3CA) showed that CB2R has a potential role in the control of cancer cells growth through the regulation of mitochondrial function and their apoptosis [59] . In the last few years a new kind of research called metabolomics [62] has been used in cancer research. This discipline examines the change of metabolic processes in cancer cells and compares the metabolism of these cells with normal cells of the same tissues to understand physiopathologic processes involved in cancer progression and to find new biomarkers potentially useful to discover new therapies [63, 64] . Furthermore, metabolomics studies demonstrated that there are differences in cellular metabolism between myometrial invasion front and non-invasive endometrial cancer cells. In fact, about invasive front there is an increased expression of endocannabinoid-like metabolites like stearamide and this confirm the potential involvement of ECS in tumoral invasion [65] . A recent study showed that the ECS maybe act as antagonist of the estrogen and in general, it could contrast increasing level of sex hormones playing a protective role in the development of hormones related cancers [66] . Another study analyzed the effect of ECS and phytocannabinoids (cannabidiolo, CBD), on cell viability in two endometrial cancer cell lines (Ishikawa cells and Hec50co). This study made clear that ECS and cannabidiol negatively influenced cancer cells viability at concentration superior than 5 µM by increasing levels of caspase -3/-7, cleaved PARP and reactive oxygen species generation. These data suggested apoptosis as the main mechanism involved. This effect is obtained through the stimulation of TRPV1 that leads to an increase of intracellular calcium level [67] . According to all these considerations it is clear that ECS plays an active role in physiopathology of endometrial cancer and it is mandatory to go ahead with scientific research in order to find new potential pharmacological target useful in the care of this cancer.
The Endocannabinoid System and Cervical Cancer
RT-PCR and Western blot analyses have confirmed the presence of CB1, CB2 and TRPV1 receptors in different cervical cancer cell lines [68] . The effect of AEA in cervical cancer has been examined in three cellular lines, that are Caski, HeLa and CC299. AEA determines apoptosis of cancer cells through a mechanism that is not mediated by CB1R and CB2R since their selective antagonists have demonstrated a synergic effect with AEA. [68] . On the other hand, the selective antagonist of TRPVIR (capsazepina) has been observed to have a protective effect against the action of AEA. For this reason, CB1R and CB2R protect cervical cancer cells against the effect of AEA and on the contrary the activation of TRPVI is involved with AEA in cellular death [68] . Another molecule involved in the stimulation of apoptosis in cervical cancer cells is Methanandamide (MA) that is a FAAH-resistant endocannabinoid analogue. MA stimulates apoptosis through the activation of COX-2 by a ceramide-dependent pathway [69] . Furthermore, MA is involved in the inhibition of cancer cell's invasion with a time and concentration dependent mechanism which determines the increase of the expression of TIMP-I [70] .
The Endocannabinoid System and Ovarian Cancer
CB1R, CB2R, Fatty Acid Amide Hydrolase (FAAH) and N-acyclphosphatidylethanolamine-phospholipase D (NAPE-PLD) immunohistochemical examination of normal human ovaries showed a presence and widely expression of the endocannabinoid system in the ovarian medulla and cortex. Furthermore, evident data suggested that anandamide is produced in the ovary and it is under hormonal control playing a role in folliculogenesis, preovulatory follicle maturation, oocyte maturation and ovulation [45] .
The demonstration of CB1R and FAAH expression primarily in the Ovarian Surface Epithelium (OSE) was intriguing. The historical belief that OSE was the main source of ovarian cancer led to the assessment of the ECS expression in this tumor [71] .
Functional proteomic analysis of (aggressive and non-aggressive) ovarian cancer data demonstrated that aggressive cancer cells display highly elevated monoacylglycerol hydrolytic activity and most of this activity originates from the Monoacylglycerol lipase (MAGL) enzyme [56] , which degrades 2-AG. MAGL is highly expressed in aggressive human ovarian cancer cells, where it regulates a fatty acid network enriched in oncogenic signaling lipids that promotes migration, invasion, survival, and in vivo tumor growth. Overexpression of MAGL in non-aggressive cancer cells recapitulates this fatty acid network and increases their pathogenic phenotypes that are reversed by an MAGL inhibitor [56] .
Recently, the orphan receptor G protein-coupled receptor 55 (GPR55) has been proposed as a potential cannabinoid receptor. Elevated GPR55 expression was showed in several ovarian cancer cell lines having a critical role in regulating proliferation. GPR55 mediates the effects of the endogenous ligand lysophosphatidylinositol (LPI), which activates Akt and calcium mobilization and extracellular signal-regulated kinase (ERK) 1/2 expression. Moreover, its down-regulation using small interfering RNA and pharmacological blockade strongly inhibits cell proliferation with important implication as a potential therapeutic target. [72] .
Ovarian carcinoma cell-derived LPI stimulated angiogenesis in the chorioallantoic membrane (CAM) assay. Applied LPI stimulates proliferation, network formation and migration of neonatal endothelial colony-forming cells (ECFCs) in vitro and angiogenesis in the vivo. The pharmacological GPR55 inhibitor restrained LPI-stimulated ECFC proliferation, network formation and migration in vitro as well as ovarian carcinoma cell-and LPI-induced angiogenesis in vivo. [73] .
Lately, a variable expression of the endocannabinoid system in human epithelial ovarian tumors was showed. The recorded data demonstrated that the expression of CB1R increased from benign and borderline to malignant ovarian tumors. [55] .
All the recorded data give us hope that endocannabinoid system may be used in clinical practice, alone or in combination with other markers, to identify or better characterize ovarian tumors, without considering the great opportunity that they might represent as therapeutic targets.
Conclusions
Available data demonstrate that the endocannabinoid system may play a decisive role in the development and progression of gynaecological malignancy. Several different mechanisms have been implicated in the antitumor actions and include cytotoxic or cytostatic effects, apoptosis induction, and anti-metastatic effects such as the inhibition of neoangiogenesis, tumor cell migration, invasion, and adhesion. The endocannabinoid system activity is very complex, involving different signalling receptor and receptor-independent pathways. For this reason, further studies are needed to understand the exact role of the ECS and its complex activity. For sure the ECS represent an exciting challenge to researchers for its potential use in diagnosis and treatment of all gynaecological malignancies. 
